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SUMMARY 
We r e p o r t  the design, cons t ruc t ion ,  and i n i t i a l  use o f  an i o n  microprobe 
t o  c a r r y  o u t  secondary i o n  mass spectrometry (SIMS) o f  s o l i d  samples. The sys- 
tem i s  composed o f  a  d l f f e r e n t i a l l y  pumped custom-made UHV chamber, a  quadru- 
r-i 
d- po le  mass spectrometer and a  te le focus  A-DIDA i o n  gun w i t h  the  c a p a b i l i t y  o f  
07 
LD 
producing beams o f  Cesium, as w e l l  as o f  i n e r t  and r e a c t i v e  gases. The com- 
I 
U 
pu te r  con t ro l  and a c q u i s i t i o n  o f  the  da ta  have been designed and implemented 
us ing  a  personal computer w i t h  p lug - i n  boards, and ex te rna l  c i r c u i t r y  b u i l t  as 
requ i red  to s u i t  t he  system needs. The sof tware i s  being developed by us us ing  
a  FORTH-1 i k e  language. I n i t i a l  t e s t s  aimed a t  c h a r a c t e r i z i n g  the system, as 
we l l  as p r e l i m i n a r y  sur face and d e p t h - p r o f i l i n g  s tud ies  are p r e s e n t l y  underway. 
INTRODUCTION 
Secondary i o n  mass spectrometry (SIMS) i s  an a n a l y t i c a l  technique i n  which 
charged p a r t i c l e s  (secondary ions)  em i t t ed  f rom a  sur face subjected t o  bombard- 
ment by energe t ic  (pr imary)  ions  are mass analyzed and detected ( r e f .  1  > .  Typ- 
i c a l l y ,  p o s i t i v e  ions  are accelerated and focused o n t o  a  s o l i d  t a r g e t .  A 
f r a c t i o n  o f  (spu t te red)  secondary ions pass through an aper tu re  i n t o  a  mass 
spectrometer tuned t o  a  s p e c i f i c  mass-to-charge r a t i o  (mle), where they a re  
analyzed. I n d i v i d u a l  pu lses f rom the de tec to r  are counted f o r  a  c e r t a i n  t ime, 
and then the  next  mle r a t i o  i s  se lected.  Hence, t y p i c a l  SIMS raw data  cons i s t s  
o f  p l o t s  o f  i n t e n s i t y  (counts per  u n i t  t ime)  versus mass per  u n i t  charge. 
I n  recen t  years, SIMS has es tab l i shed  i t s e l f  as one o f  the  most impor tan t  
techniques used t o  do ma te r i a l s  c h a r a c t e r i z a t i o n  ( r e f .  2 ) .  Auger e l e c t r o n  
spectroscopy (AES), x-ray photoe lec t ron  spectroscopy (XPS), i o n  s c a t t e r i n g  
spectroscopy ( I S S ) ,  and Ruther fo rd  backscat te r ing  spectrometry (RBS), are o t h e r  
techniques t y p i c a l l y  used f o r  sur face ana l ys i s  ( r e f .  3). Each o f  these tech- 
niques has i t s  advantages and disadvantages, and c a r e f u l  cons ide ra t i on  o f  the  
nature o f  a  p a r t i c u l a r  problem i s  requ i red  t o  s e l e c t  the  technique(s1 best  
s u i t e d  f o r  i t .  I n  what f o l l ows ,  the d iscussion w i l l  focus on S IMS and i t s  
implementat ion i n  t h i s  l abo ra to ry .  
I n  SIMS,  a  small f r a c t i o n  o f  the  products emi t ted  f rom the sample as a  
r e s u l t  of the pr imary i o n  bombardment are i n  the form o f  both p o s i t i v e l y  and 
nega t i ve l y  charged ions.  The i r  r e l a t i v e  abundance i s  the  r e s u l t  o f  the  
phys ica l  and chemical p r o p e r t i e s  o f  the i n t e r a c t i n g  systems (pr imary i o n  and 
sample). Therefore, depending on the  sample under study and the experimental  
cond i t ions ,  i t  may be des i rab le  t o  moni tor  e i t h e r  p o s i t i v e  o r  negat ive charged 
p a r t i c l e s .  The first case i s  commonly known as p o s i t i v e  S IMS and the second 
as negat ive SIMS. I n  each case, two modes o f  opera t ion  are u s u a l l y  recognized: 
s t a t i c  S I M S  and dynamic S IMS ( re f .  4). The d i f f e r e n c e  between the two modes 
r e s u l t s  from the  amount o f  damage caused t o  the sur face under study. B r i e f l y ,  
s t a t i c  S IMS r e f e r s  t o  analyses where the pr imary  cu r ren t  dens i t y  i s  low enough 
( t y p i c a l l y ,  1  n ~ l c m 2  o r  less)  t h a t ,  on the average, no more than one pr imary 
i o n  h i t s  any g iven l o c a t i o n  on the sample sur face du r ing  the ana lys i s  t ime. 
When doing dynamic SIMS, eros ion  o f  the  sample sur face can take p lace a t  r a t e s  
as h igh  as a  few micrometers per hour, depending on the i o n  source i n t e n s i t y  
and focus ing  c a p a b i l i t i e s .  Measurement o f  the concent ra t ion  as a  f u n c t i o n  o f  
sample depth ( in-depth profiles) f o r  se lected (atomic and/or molecular)  f r a c -  
t i o n s  can then be obta ined.  The technique can detec t  a l l  elements, i n c l u d i n g  
hydrogen, and t h e i r  isotopes.  SIMS has a  p a r t i c u l a r l y  h i g h . s e n s i t i v i t y .  Under 
s u i t a b l e  cond i t ions  and depending on the sample under study, de tec t i on  l i m i t s  
i n  the ppb range are o f t e n  obta ined;  t h i s  f a c t  makes i t  unique among the sur- 
face ana lys i  s  techniques and p a r t i c u l a r l y  a t t r a c t i v e  f o r  the study o f  dopants 
and i m p u r i t i e s  found i n  ma te r i a l s  ( r e f s .  5 and 6). 
We descr ibe here the design and cons t ruc t i on  o f  a  S IMS system ( r e f .  7) 
b u i l t  p r i m a r i l y  t o  study and charac ter ize  samples o f  i n t e r e s t  t o  pho tovo l ta i c  
researchers. The cons t ruc t i on  o f  the system s t a r t e d  i n  the summer o f  1986 and 
a f t e r  roughly 3 years i t  i s  f u l l y  ope ra t i ona l .  A s i g n i f i c a n t  amount o f  t ime 
has been spent i n  implementing and p r o p e r l y  coo rd ina t i ng  the performance o f  
the var ious components o f  the system. Care fu l  cons idera t ion  has been g iven t o  
v i r t u a l  l y  every cons t i  t uen t ,  f rom the vacuum components t o  the e l e c t r o n i c  
i nstrumentat ion needed f o r  ana lys i  s. Fur ther  addi t i o n s  and improvements t o  
the present c o n f i g u r a t i o n  can be made, and some are  i n  the process of being 
implemented, as discussed i n  the sec t i on  on conclusions. 
SYSTEM OVERVIEW 
A photograph o f  the  S I M S  system i s  shown i n  f i g u r e  1. A s i m p l i f i e d  diagram 
showing the major components i s  presented i n  f i g u r e  2. The custom-bui l t  ana- 
l y t i c a l  (main) chamber i s  made of s t a i n l e s s  s tee l  and i s  shaped as a  c y l i n d e r ,  
8 i n .  i n  ( i n t e r n a l )  diameter and 12 i n .  h igh .  A t o t a l  o f  16 p o r t s ,  a t  two d i f -  
fe ren t  l eve l s ,  are a v a i l a b l e  on the body o f  the chamber. Approximate volume 
o f  the chamber i n c l u d i n g  the p o r t s  i s  rough ly  20 l i t e r s .  
I n  the upper l e v e l ,  f o u r  6 i n .  p o r t s  a re  loca ted a t  90° i n t e r v a l s  (see 
f f g .  3). One of them ( P I )  i s  used as a v iewport ;  the o the r  th ree  are used f o r  
the t rans fer  chamber (P41, the mass spectrometer (P3) and the i o n  gun (P4)). 
As shown i n  f i g u r e  3, the o the r  12 are  2-3/4 i n .  p o r t s  which are loca ted sym- 
m e t r i c a l l y  around the body o f  the  chamber. One o f  them (P5) i s t i  1  ted  and 
po in ts  t o  the i n t e r s e c t i o n  (T I  o f  the PI-P3 and P2-P4 axes. The top  f lange pro- 
vides a 6 i n .  p o r t  f o r  the sample manipulator and a t i l t e d  2-314 i n .  p o r t  (P6) 
t h a t  a l so  p o i n t s  t o  T. The bottom o f  the  chamber provides access (P7) t o  the  
mai n vacuum pump, through a manual 1 y-operated UHV gate val  ve. 
The chamber i s  evacuated by an a i r -cooled 8 i n .  cryogenic vacuum pump 
(CRYO-TORR 8, CTI Cryogenics) w i t h  a pumping speed o f  1500 l i t e r l s e c  f o r  a i r .  
Tota l  volume pumped by the main c ry0  pump adds t o  about 30 l i t e r s ,  which 
inc ludes the sample chamber, the volume occupied by the quadrupole assembly 
and o ther  dead spaces. Manual gate valves a1 low the chamber t o  be i s o l a t e d  
from the c ry0  pump, the t r a n s f e r  chamber and the i o n  gun. Only th ree 2-314 
i n .  po r t s  are present ly  under use. One conta ins feedthroughs t o  an e l e c t r o n  
f l o o d  gun f i lament ;  another i s  used f o r  bakeout o f  the chamber v i a  an i n t e r n a l  
f i lament ,  and the t h i r d  p o r t  has an up-to-air  be1 lows valve (4BW, Nupro), nor- 
mal l y  attached t o  a gaseous n i t rogen  source. 
The t r a n s f e r  chamber i s  pumped by two so rp t i on  pumps (2361510, Perkin- 
Elmer) which were chosen t o  minimize contaminat ion and v i b r a t i o n .  The chamber 
I s  equipped w i t h  a 6 in.-hinged viewport f lange and al lows the mounting o f  the 
sample holder  a t  the end o f  a magnetic l i n e a r  d r i v e  which i s  used f o r  sample 
t ransfer  t o  the main chamber ( f i g .  2). A gate valve i s o l a t e s  the t r a n s f e r  
chamber from the roughing pumps, and both a thermocouple gauge and an i o n  
gauge serve t o  monitor the pressure. 
The ion  gun i s  d i f f e r e n t i a l l y  pumped through a 2 mm o r i f i c e  by an a i r -  
cooled turbomolecular pump (TPU-170, Balzers) w i t h  a pumping speed o f  
170 l i t e r s l s e c  f o r  n i t rogen.  A r o t a r y  vane mechanical pump (D4A, Leybold- 
Heraeus) backs the  tu rbo  pump. An adsorpt ion t r a p  i s  located between the tu rbo  
and the mechanical pump t o  reduce backs treami ng. 
The opera t ion  o f  the i o n  gun requ i res  t h a t  the source be f l o a t e d  t o  an 
operat ing vol tage anywhere from 0.1 t o  15 kV whi le  the  acce le ra t i ng  e lec t rode 
i s  maintained a t  ground p o t e n t i a l .  A s  a r e s u l t ,  an i n s u l a t i n g  box ( p l e x i g l a s )  
completely surrounds a l l  the high-voltage po r t i ons  o f  the source and o f  the  gas 
handl ing system (see below). A sa fe ty  i n t e r l o c k  automat ica l ly  cuts power t o  
the h igh  vol tage supply should the  door t o  the  box be opened. 
The gas-handling system i s  a l s o  shown i n  f i g u r e  2. A mani fo ld i s  used t o  
swltch among the various gases used i n  the i o n  gun. Three gas sources are con- 
nected t o  the system; u l t ra -h igh  p u r i t y  n i t rogen,  argon and oxygen are normal ly  
used, but  any o ther  gas source can be r e a d i l y  connected. With proper manipula- 
t i o n  o f  the valves, any o f  the three gases can be fed  t o  the i o n  source. I n  
order  t o  ensure a h igh  pressure s t a b i l i t y  i n  the l a t t e r ,  a 2-step pressure 
drop scheme i s  u t i l i z e d .  A f i r s t  two-stage regu la to r  maintains a constant 
pressure o f  about 1 bar.  A second regu la to r  f u r t h e r  reduces t h i s  t o  0.5 bar 
i n  the r e s e r v o i r  t o  which the i npu t  p o r t  o f  a va r iab le  leak valve (203, Gran- 
v i l l e - P h i l l i p s )  i s  connected. I n  operat ion,  gas i s  admitted i n t o  the i o n  
source a t  a constant ra te ,  v i a  t h i s  valve.  Because o f  i t s  l oca t i on ,  the valve 
f l o a t s  a t  the acce lera t ion  p o t e n t i a l .  Hence, an i n s u l a t i n g  arm a1 lows f o r  con- 
t r o l  o f  the valve f l o w  r a t e .  The gas-handling system i s  maintained a t  ground 
p o t e n t i a l  by the use o f  a glass-to-metal adapter placed i n - l i n e  j u s t  ahead o f  
the leak  valve.  
Dry n i t r o g e n  gas i s  normal ly  used f o r  purg ing  the system. I f  des i red ,  
purg ing  can be done independent ly f o r  the  i o n  gun, the main chamber and the 
t rans fer  chamber. A d d i t i o n a l l y ,  t he  system can be purged w i t h  argon gas; t h i s  
i s  necessary when the cesium source i s  i n  opera t ion .  
The u l t i m a t e  res idua l  gas pressure w i t h i n  the main chamber i s  t y p i c a l l y  
l ess  than 5x10-lO mbar w i t h  no p r i o r  bakeout. With no gas being admit ted t o  
the  i o n  source, the base pressure i n  the l a t t e r  i s  t y p i c a l l y  an order  o f  magni- 
tude h igher  than i n  the  main chamber as measured by an i o n  gauge l oca ted  a t  
t he  h igh  vacuum s ide o f  the t u r b o  ump. Dur ing normal opera t ion ,  the i o n  
source pressure i s  kep t  a t  1-2x10-1 mbar. 
The p o s i t i o n i n g  o f  t he  sample w i t h i n  the  main chamber i s  accomplished 
us ing  a  UHV-compatible XYZ-and-rotary p r e c i s i o n  manipulator  (PM-600, Hunting- 
ton)  w i t h  a  l i n e a r  r e s o l u t i o n  o f  2 pm i n  any d i r e c t i o n ,  and a 360° r o t a t i o n  
c a p a b i l i t y  and angular r e s o l u t i o n  o f  O . l O .  Maximum l i n e a r  coax ia l  t r a v e l  i n  
t he  X o r  Y d i r e c t i o n  i s  212.5 mm. 
I o n  Gun 
The i o n  gun used i n  the system (Atomika Inc . ,  WF-610) i s  the  type used i n  
t he  i o n  microprobe developed by Wittmack (A-DIDA 3000). A  d e t a i l e d  rev iew o f  
i t s  ope ra t i on  and performance can be found i n  a  number o f  publications by 
Wittmack and o the rs  ( re f .  1  and references t h e r e i n ) .  S p e c i f i c a t i o n s  f o r  the 
gun, as pub l i shed by the  manufacturer, are summarized i n  appendix A.  
The i o n  gun i s  composed o f  f o u r  major elements. The plasma i o n  source, 
t he  beam e x t r a c t i o n  and the a c c e l e r a t i n g  e lec t rodes ,  the mass (Wien) f i  1  t e r ,  
and the beam-forming system. A schematic o f  the gun i s  presented i n  f i g u r e  4 .  
Only the  major elements have been i d e n t i f  l e d  and 1  abel ed. Approximate 1  i m i  t s  
on the d is tance "a" f rom the  i o n  gun t o  the  e l e c t r o - o p t i c a l  assembly, and "f", 
f rom the  l a t t e r  t o  the sample, are 100 t o  500 mm and 30 t o  100 mm, 
r e s p e c t i v e l y .  
A more d e t a i l e d  view o f  the  gun and i t s  i n t e r n a l  s t r u c t u r e  i s  shown i n  
f i g u r e  5. The f i r s t  se t  o f  X and Y e lec t rodes  are p r i m a r i  l y  used t o  s tee r  the  
beam o u t  o f  the acce le ra t ion-sec t ion  o f  the vacuum system; they are c o n t r o l  l e d  
by 10-turn potent iometers on the  f r o n t  panel o f  the  Beam A l i g n  module (see 
below). The Y  p l a t e s  p l a y  a  double r o l e ,  as they a l s o  serve t o  se t  the  e lec-  
t r o s t a t i c  cross f i e l d  needed by the  Wien f i l t e r  t o  mass-select the pr imary  
i ons .  The N e lec t rodes  d e f l e c t  the ions through an angle o f  about 2O; t h i s  
causes the  n e u t r a l  f r a c t i o n  t o  miss the entrance aper tu re  A6. F i n a l l y ,  the 
second se t  of XY e lec t rodes  are used t o  r a s t e r  scan the beam which then en ters  
a  focus ing  e l e c t r o s t a t i c  (E inze l )  lens.  
The plasma i o n  source permi ts  the  use o f  a  ho t  o r  a  c o l d  cathode. The 
f i r s t  i s  used f o r  the genera t ion  o f  i o n  beams o f  i n e r t  gases. The l a t t e r  i s  
normal ly  used f o r  oxygen and o t h e r  r e a c t i v e  gases. A cesium i o n  source 
(Atomika, Inc . ,  3-21 can be r e a d i l y  s u b s t i t u t e d  by the plasma source and 
at tached t o  the  main body o f  the  gun (where the e x t r a c t i o n  and a c c e l e r a t i n g  
e lec t rodes  are located) .  I t  cons i s t s  o f  a f r i t - t y p e  thermal i o n i z e r  w i t h  a  
cesium r e s e r v o i r  and e x t r a c t i o n  and coo l i ng  system, and a  rack-mounted f l o a t -  
i n g  power supply f o r  frit- hea t i ng  and mon i to r ing .  
The plasma i o n  gun requ i res  four components fo r  i t s  operat ion.  The i o n  
gun con t ro l  (IGC) u n i t ,  the beam al ignment (BA) power supply, the e l e c t r o -  
o p t i c a l  assembly (EA) and the scanning c o n t r o l  (SC) u n i t .  O f  these, th ree  are  
rack-mounted, except f o r  the EA which i s  loca ted  i n s i d e  the main chamber. For 
the cesium source, an a d d i t i o n a l  module, the cesiums gun con t ro l  (CsGC) u n i t  
i s  a1 so needed. 
The IGC u n i t  suppl ies the vol tages and cur ren ts  needed f o r  the ope ra t i on  
of the i o n  gun i n  both the hot- and cold-cathode modes. Four parameters can 
be adjusted, namely, the f i lament cu r ren t  (used o n l y  i n  the hot-cathode mode), 
the discharge vo l tage and cu r ren t  which se t  the cond i t ions  f o r  the plasma d i s -  
charge, the magnet cu r ren t ,  which suppl ies the cu r ren t  f o r  the electromagnet, 
and the e x t r a c t i o n  vol tage,  which con t ro l s  the e x t r a c t i o n  f i e l d  fo r  generat ion 
o f  the i o n  beam. 
Figure 6 shows the A-DIDA gun conf igured f o r  ho t  cathode opera t ion .  Con- 
nect ions are shown f o r  the electron-emi tt i ng f i l amen t ,  the magneti c - f i e l d  
producing c o i l ,  the discharge cu r ren t  and the e x t r a c t i o n  e lec t rode.  The 
e x t r a c t i o n  and the acce le ra t i ng  e lect rodes a c t  as an immersion lens.  The ions  
are g iven a  f r a c t i o n  (1130) o f  t h e i r  f i n a l  energy by the e x t r a c t i o n  e lec t rode;  
the acce le ra t i on  e lec t rode then suppl ies the a d d i t i o n a l  amount. 
As s ta ted  above, the BA module c o n t r o l s  the d e f l e c t i o n  f i e l d s  app l ied  t o  
the i o n  beam v i a  the XY electrodes,  t o  s teer  i t  past  aper ture A 4  (see f i g .  5).  
Furthermore, i t  i s  through these e lect rodes (Y) t h a t  the pr imary i o n  beam can 
be blanked, i .e., prevented from reaching the sample, by app ly ing  a  300 V 
reverse b ias  t o  them. Under these cond i t ions ,  the beam w i l l  no t  go through 
aper ture A4. As discussed l a t e r  i n  d e t a i l ,  b lank ing  o f  the i o n  beam must be 
performed a t  s p e c i f i c  t imes when s p u t t e r i n g  a  sample's surface. F i n a l l y ,  the 
BA module a l s o  suppl ies the f i e l d  t h a t  s teers  the i o n  beam i n t o  aper tures A5 
and A6, thereby s t r i p p i n g  i t  from background ions and neu t ra l s .  
The EA i s  the l a s t  stage i n  the path of the pr imary i o n  beam towards the  
sample. I t  i s  i n  the main chamber, and cons is ts  o f  a  beam-l imi t ing aper ture,  
beam-deflection e lec t rodes,  the Einzel  lens ( r e f .  81, and an e x i t  aper tu re .  A 
vo l tage o f  the order  o f  the acce le ra t i on  vo l tage i s  app l i ed  t o  the Einzel  lens  
and adjusted t o  o b t a i n  the degree o f  focusing desi red.  
The SC u n i t  prov ides the d e f l e c t i o n  vol tages needed t o  r a s t e r  scan the i o n  
beam on the sample surface. The r a s t e r  s igna l  c o n t r o l s  the p o s i t i o n  o f  the  
beam on the sample surface by moving i t  i n  a  step-wise fash ion  on a  square pat-  
t e r n  o f  200 by 200 po in t s  (one frame). The f i n a l  ampl i tude o f  the scan on the  
sample, which depends on geometry and o the r  parameters, can be va r ied  f rom 
zero up t o  a  few square m i l l i m e t e r s  v i a  a  10-turn potent iometer.  
The center  p o i n t  o f  the area o f  the sample t o  be scanned can be adjusted 
i n  the X and Y d i r e c t i o n s  by two 10-turn potent iometers. A frame can be 
scanned a t  r a t e s  going from 1  down t o  0.01 framelsec, i n  increments o f  
0.01 framelsec. The u n i t  a l s o  a l lows f o r  s e l e c t i o n  o f  continuous- o r  s ing le -  
scan modes v i a  a  togg le  swi tch.  Reset and s t a r t  pushbuttons are a l s o  a v a i l -  
ab le f o r  c o n t r o l  o f  the  beam when i n  the single-scan mode o f  opera t ion .  The 
c o n t r o l s  f o r  a l l  these func t i ons  are found i n  the f r o n t  panel o f  the SC u n i t .  
The SC u n i t  a l s o  produces an e l e c t r o n i c  s i gna l ,  i n  synchronism w i t h  the 
r a s t e r  pa t te rn ,  t h a t  i s  normal ly  used t o  suppress the  secondary i o n  s igna l  
coming f rom t h e  edges o f  t he  r a s t e r e d  area. 
An i n t e r f a c e  i s  a v a i l a b l e  a t  the  r e a r  o f  the SC u n i t  t o  pe rm i t  computer 
c o n t r o l  o f  i t s  opera t ion .  I n  a l a t e r  sec t i on  a d e s c r i p t i o n  i s  presented o f  t he  
implementat ion o f  t h i s  mode o f  ope ra t i on  v i a  a personal computer and a d d i t i o n a l  
hardware and software. 
Secondary I o n  Detec t ion  
F igure  7 shows a schematic o f  the secondary-ion de tec t i on  subsystem. The 
f i r s t  element i s  the  a x i a l  energy analyzer  ( E x t r e l ,  616-1) o r  "Bessel Box," 
which se lec t s  ( t r ansmi t s )  those secondary ions  w i t h i n  a window i n  t h e i r  energy 
d i s t r i b u t i o n  and d i r e c t s  them t o  the entrance aper tu re  o f  the  quadrupole assem- 
b l y  w i t h  the he lp  o f  two a d d i t i o n a l  focuss ing  e lec t rodes .  The c o n t r o l s  and 
associated e l e c t r o n i c s  ( E x t r e l ,  275-E5) are a l s o  shown i n  the f i g u r e ,  i n c l u d i n g  
those f o r  an e l e c t r o n  f l o o d  gun. The var ious  vo l tages,  as they are used t o  
c o n t r o l  the  t ransmiss ion  and focuss ing  o f  ions  t o  be mass analyzed, a re  c l e a r l y  
i d e n t i f i e d .  
The mass spectrometer cons i s t s  o f  a quadrupole assembly w i t h  a 1.6 cm 
(518 i n . )  po le  diameter ( E x t r e l ,  7-270-9). When used i n  con junc t ion  w i t h  i t s  
quadrupole power supply ( E x t r e l ,  011-1) and the  High-Q heads p r e s e n t l y  a v a i l -  
ab le  i n  our  l a b o r a t o r y  ( E x t r e l ,  14 a t  3.9 mHz, and l l ( B >  a t  1.5 mHz), a maximum 
m/e o f  367 can be reached. The i o n  s igna l  i s  detected by an e l e c t r o n  mu1 ti- 
p l i e r  (Galilee, CME-4816) used i n  the pulse count ing mode. 
The quadrupol e power supply compri ses two modules : the  quadrupol e c o n t r o l  
(QC) and the r f  power supply. The QC gives access t o  a l l  the parameters 
needed du r i ng  normal ope ra t i on  o f  the  mass spectrometer, e.g., r e s o l u t i o n ,  
po le  b ias ,  mass range, r f l d c  balance, e tc ,  and i t  a l lows mon i to r ing  of one 
mass range which can be se t  by d i a l s  ( i n i t i a l  mass and range o f  masses t o  be 
swept) i n  the f r o n t  panel.  An a d d i t i o n a l  module, a mass programmer ( E x t r e l ,  
091-31, a1 lows up t o  s i x  mass ranges t o  be monitored au tomat i ca l l y  i n  a sequen- 
t i a l  fashion,  and a l s o  l e t s  the  user s e l e c t  the t ime per sweep (0.003 t o  
1000 sec i n  d i s c r e t e  increments) and the mode o f  opera t ion :  s i n g l e  o r  cont inu-  
ous scan. This  module i s  normal ly  used du r i ng  mass c a l i b r a t i o n  procedures. 
The d e t e c t i o n  o f  p o s i t i v e  o r  negat ive secondary ions requ i res  the reve rsa l  
i n  s i gn  of the dc vo l tages associated w i t h  t he  energy f i  1 t e r  and focus ing  e lec-  
t rodes p r i o r  t o  e n t e r i n g  the  quadrupole assembly. This i s  accompl i shed v i a  a 
front-panel sw i tch  on the  275-E5 u n i t .  However, a reverse b i a s i n g  i s  a l s o  
requ i red  fo r  the  e l e c t r o n  m u l t i p l i e r .  I n  t he  p o s i t i v e  mode, the  c o l l e c t o r  of 
the  m u l t i p l i e r  i s  biased (negat ive)  t o  a t t r a c t  the  p o s i t i v e  ions.  I n  t he  nega- 
t i v e  mode, the  entrance t o  t h e  de tec to r  must be biased p o s i t i v e .  I n  bo th  
cases, the  secondary e lec t rons  must see an i n c r e a s i n g l y  p o s i t i v e  p o t e n t i a l  i n  
t h e i r  pa th  towards the anode o f  the m u l t i p l i e r .  
For p o s i t i v e  SIMS ope ra t i on ,  a pre-amp1 i f i e r l e l e c t r o m e t e r  module ( E x t r e l  , 
031-2) would be used t o  p rov ide  both the b ias  vo l tage f o r  the e l e c t r o n  m u l t i -  
p l i e r  and power f o r  the  ope ra t i on  o f  the  p r e a m p l i f i e r .  I n  the present  conf igu-  
r a t i o n ,  which a1 lows f o r  bo th  p o s i t i v e  and negat ive  SIMS opera t ion ,  the  
preamplifierlelectrometer module i s  used o n l y  t o  moni tor  the beam cu r ren t ,  and 
two h igh  vo l tage power suppl ies (Bertan, 355 and 320P) prov ide the requ i red  
b i a s i n g  f o r  the e lec t ron  mu1 t i p 1  i e r .  
Figures 8 and 9 show the  b i a s i n g  scheme f o r  the p o s i t i v e  and negat ive  modes 
o f  operat ion,  respec t i ve l y .  Sui t a b l e  h igh  vo l tage power suppl i e s  are used t o  
p rov ide  HV+ and HV-, depending on the ope ra t i ng  mode. The back f l ange  o f  the 
mass spectrometer, w i t h  a1 1 the  connections needed f o r  the de tec tor ,  the quad- 
rupo le  assembly, and the energy f i l t e r  and i o n i z e r ,  i s  shown i n  f i g u r e  10. 
Figure 11 shows the connections t o  every one o f  these elements, as seen f rom 
the vacuum s ide.  For completeness, f i g u r e  12 shows the i n t e r n a l  connect ions 
when i n  the " t o t a l  ion"  mode, i . e . ,  de tec t i on  o f  ne t  i o n  cu r ren t  as measured 
w i thou t  a m p l i f i c a t i o n  by the  e l e c t r o n  m u l t i p l i e r .  
Imaging has a l s o  been implemented i n  the S IMS system. This has been accom- 
p l  ished by modulat ing the Z-axis o f  an osc i l loscope w i t h  the s igna l  from the 
ou tpu t  o f  the  i o n  de tec to r .  Voltages generated by the SC u n i t  a re  used t o  
d r i v e  the h o r i z o n t a l  and v e r t i c a l  scales o f  an osc i  1 loscope. These s igna ls  are 
p ropo r t i ona l  t o  the vol tages app l i ed  t o  the beam scanning e lect rodes.  Hence, a 
two-dimensional map o f  any detected ( p o s i t i v e  o r  negat ive)  i o n  i s  obtained. 
Absorbed-current images are  a l s o  obta ined by amp l i f y i ng  the ne t  c u r r e n t  t o  the 
sample and app ly ing  i t  t o  the z ax is .  
DATA ACQUISITION AND CONTROL 
I n  t h i s  sec t ion  a d e s c r i p t i o n  i s  presented o f  the implementation o f  
computer-based data  a c q u i s i t i o n  and c o n t r o l  o f  the S I M S  system. The d iscussion 
focuses on the con t ro l  o f  both the SC u n i t  o f  the i o n  gun and the QC u n i t  o f  
the mass spectrometer. Ongoing work aimed a t  enhancing the performance o f  the 
system v i a  a d d i t i o n a l  c o n t r o l  and data processing and d i s p l a y  i s  summarized i n  
the l a s t  sec t ion .  
I o n  Beam Contro l  
Contro l  of the pr imary i o n  beam v i a  the SC u n i t  can be exer ted a t  a number 
of l e v e l s .  The dec is ion  was made t o  implement i t  t o  the l e v e l  where no modi f i -  
c a t i o n  o f  the  t im ing  sec t ion  o f  the SC u n i t  would be requ i red .  Hence, the  
design focused on p r o v i d i n g  the s t a r t ,  r e s e t  and scan mode ( s i n g l e / c o n t i n u o u s ~  
s igna ls  t o  the  u n i t .  I n  t h i s  scheme i t  i s  necessary t o  t u r n  the beam o f f  dur- 
i n g  setup times by means o f  the BA module. 
F igure 13 presents a b lock  diagram o f  the SC u n i t .  The output  o f  a 2 MHz 
c lock  i s  used t o  produce a square wave s igna l  t h a t  d r i ves  two 8-bi t b ina ry  
counters, whose output  i s  independently converted t o  analog vol tages.  Slow 
(S)  and f a s t  (F) vo l tage ramps are  thus generated which are then o f f s e t  and 
a m p l i f i e d  t o  d r i v e  the X ( h o r i z o n t a l )  and the Y ( v e r t i c a l )  beam scanning e lec-  
trodes. Comparison o f  these vol tages w i t h  the preset  value def ined by the 
GATE thumblewheel swi tch i s  used t o  generate the s igna l  t o  e l e c t r o n i c a l l y  gate 
the incoming data. A s  shown i n  f i g u r e  13(b),  a  l i n e  scan through the center  
of the frame can a l s o  be performed by supply ing appropr ia te  inputs  t o  the 
decoder. Outputs t o  d r i v e  an osc i  1 loscope i n  the XY-mode are a l s o  generated, 
which are aval l a b l e  i n  the  50-pin connector a t  the r e a r  o f  the u n i t .  
When i n  t h e  s ing le-scan mode, t h e  s t a r t  s i g n a l  t r i g g e r s  t h e  scanning o f  
t he  sample surface by t h e  p r ima ry  i o n  beam. A  t o t a l  o f  200 l i n e s  a re  d i g i t a l l y  
scanned, 200 p o i n t s  t o  a  l i n e ,  a t  t h e  end o f  which a  r e s e t  s i g n a l  has t o  be 
p rov i ded  f o r  t h e  beam to  r e t u r n  t o  i t s  o r i g i n a l  p o s i t i o n .  F i gu re  14(a) shows 
t h e  cor responding t i m i n g  diagram. 
The scan p a t t e r n  as w e l l  as t h e  c o r r e l a t i o n  between t h e  beam p o s i t i o n  and 
t he  GATE s i gna l  i s  shown i n  f i g u r e  14(b).  The l a t t e r  i s  generated by  t h e  SC 
u n i t  i n  response t o  t h e  s e t t i n g  o f  t h e  thumblewheel s w i t c h  l a b e l e d  GATE 
(x10 percen t ) .  The square of t h e  s e t t i n g  on t he  s w i t c h  represen ts  t h e  f r a c -  
t i o n  o f  t he  t ime  (as d e f i n e d  by t h e  TIME s e t t i n g )  t h a t  t h e  s i g n a l  i s  a c t i v e ,  
i . e . ,  t h a t  t h e  i o n  beam i s  i n s i d e  t he  cen te r  (gated)  p o r t i o n  o f  t he  scanned 
area. 
As descr ibed  below, t h e  GATE s i g n a l  i s  used t o  r e j e c t  t he  da ta  coming f r om 
w i t h i n  a  c e r t a i n  d i s t a n c e  of t h e  b o r d e r l i n e  of t he  a rea  be ing  scanned. Th i s  
f e a t u r e  i s  o f  p a r t i c u l a r  re levance  d u r i n g  dynamic SIMS s t u d i e s .  
The d i g i t a l  I10 p o r t  f r o m  a  h i g h - r e s o l u t i o n  p l u g  i n  ca rd  (Data T r a n s l a t i o n ,  
DT2823) i s  used t o  generate  those s i g n a l s  needed f o r  c o n t r o l .  The a r c h i t e c t u r e  
o f  t h e  board i s  shown i n  f i g u r e  15. Only  t h r e e  o f  t he  16 a v a i l a b l e  d i g i t a l  I10 
l i n e s  a re  r e q u i r e d  t o  implement t he  d e s i r e d  c o n t r o l  o f  t h e  beam a t  t h i s  s tage:  
s t a r t  and r e s e t ,  i n  t h e  SC u n i t ,  and beam o n l o f f ,  i n  t h e  BA module. The des ign  
o f  t h e  i n t e r f a c e  a l l ows  t h e  s e l e c t i o n  o f  manual o r  computer o p e r a t i o n  o f  t h e  
beam. The schematic r e p r e s e n t a t i o n  o f  t he  i n t e r f a c e  i s  shown i n  f i g u r e  16. 
Mass Spectrometer Con t ro l  
Con t ro l  o f  t h e  t r a n s m i t t e d  mle by  t h e  mass spect rometer  i s  ach ieved by p ro -  
v i d i n g  a  known c u r r e n t  ( 0  - 1  mA) t o  a  summing p o i n t  i n  t h e  QC u n i t .  
The implementat ion o f  t h e  i n t e r f a c e  t o  t h e  computer i s  shown i n  f i g u r e  17. 
One o f  the  1 6 - b i t  d e g l i t c h e d  DIA o u t p u t  channels o f  t h e  DT2823 board was used 
t o  p rov i de  a  v o l t a g e  o u t p u t  between 0  and 5 V. Us ing  a  p r e c i s i o n ,  10 KQ r e s i s -  
t o r ,  a  c u r r e n t  w i t h i n  t h e  r e q u i r e d  range i s  supp l i ed  t o  t h e  summing p o i n t .  
Pu lse Count ing 
As descr ibed  i n  t h e  I n t r o d u c t i o n ,  i n  SIMS the  q u a n t i t y  o f  i n t e r e s t  i s  t h e  
number o f  secondary i ons  de tec ted  pe r  u n i t  t ime  f o r  g i v e n  c o n d i t i o n s  o f  t he  
p r ima ry  i o n  beam and mass spect rometer .  I n  t he  system descr ibed  here,  t h e  s i g -  
na l  i s  i n  t he  form o f  pu lses  generated by t he  e l e c t r o n  m u l t i p l i e r .  
The p resen t  c o n f i g u r a t i o n  f o r  da ta  g a t h e r i n g  i s  shown i n  f i g u r e  18. Shown 
e x p l i c i t l y  a re  t h e  i n t e r f a c e s  between the  PC and t he  i o n  gun, t he  mass spec- 
t romete r  and t h e  da ta  a c q u i s i t i o n  module. For purposes o f  i l l u s t r a t i o n ,  t h e  
measurement o f  t h e  i o n  beam c u r r e n t  ( w i t h  a  Faraday Cup) i s  a l s o  shown i n  t he  
drawi ng. 
The pu lses  f r o m  t h e  Channel t ron a re  p r e - a m p l i f i e d  (F-100T, MIT I  i n t o  
TTL-compatible l e v e l s  which a r e  then  f e d  t o  a  coun te r .  Du r i ng  ope ra t i on ,  t h e  
coun te r  accepts pu lses  o n l y  when t he  GATE s i g n a l  i s  a c t i v e .  A t  t h e  end o f  a  
count ing per iod ,  t he  da ta  are t r a n s f e r r e d  t o  the  computer v i a  the IEEE-488 
bus, f o r  storage, d l  sp lay and lo r  f u r t h e r  processing. The synchron iza t ion  o f  
the  counter w i t h  t he  scanning o f  the beam over the sample sur face p r e s e n t l y  i s  
done by sof tware.  
A schematic rep resen ta t i on  o f  the c o n f i g u r a t i o n  o f  the  PC and associated 
boards i s  shown i n  f i g u r e  19. 
Software Development 
Development of t he  sof tware needed to c a r r y  o u t  t he  da ta  a c q u i s i t i o n  and 
c o n t r o l  o f  t he  SIMS system i s  be ing  c a r r i e d  o u t  us ing  ASYST, a se t  o f  i n t e -  
g ra ted  sof tware t o o l s  f o r  l a b o r a t o r y  environments ( r e f .  9). 
The ASYST sof tware i s  a commercial product  which runs on personal comput- 
e rs  (PC) t h a t  are IBM XT o r  AT compatible.  I t  cons i s t s  o f  four main modules: 
the ASYST language (a  r e l a t i v e  o f  FORTH) which inc ludes  graphics and bas ic  sta- 
t i s t i c s ;  a da ta  ana l ys i s  module ( i n c l u d i n g  m a t r i x  manipulat ion,  curve f i t t i n g ,  
Fou r ie r  transforms, e t c ) ;  a package t o  support  f a c i  1 i t i e s  t o  a l l o w  easy access 
t o  se lec ted  commercial o r  custom-bui l t  AID, DIA and d i g i t a l  I10 p lug - i n  cards 
and ex te rna l  da ta  a c q u i s i t i o n  hardware, and f i n a l l y ,  a package t h a t  supports 
the IEEE-488 i n t e r f a c e .  
Work i s  p r e s e n t l y  ongoing t o  develop a comprehensive, v e r s a t i l e ,  and user- 
f r i e n d l y  package t a i  l o r e d  t o  ou r  needs. A t  the  present  t ime, menu-driven s o f t -  
ware has been developed t h a t  a1 lows the  a c q u i s i t i o n  o f  spectra, t h e i r  d i s p l a y  
on the PC moni tor ,  the  genera t ion  o f  p l o t s ,  and the storage o f  the  i n fo rma t i on  
on d i sk .  Since these tasks are a1 1 performed w i t h i n  the  ASYST environment, 
the p o s s i b i l i t y  o f  added enhancements t o  the  package (such as rea l - t ime d i s -  
p l a y  o f  data, e t c )  a re  w i t h i n  easy reach. F igure 20 shows a f l o w  c h a r t  w i t h  
the  p r e s e n t l y  avai 1 ab le  op t i ons .  An i nver ted- t ree c o n f i g u r a t i o n  charac ter izes  
the s t r u c t u r e  o f  the  software. Access t o  a g iven  branch f rom any o t h e r  branch 
i s  done v i a  the  main menu, as i n d i c a t e d  by the  doubly-pointed arrows. By 
d e f a u l t ,  the  sof tware scans the lowest  l e v e l  f rom l e f t  t o  r i g h t ,  as shown by 
the  h o r i z o n t a l  arrows; bu t  t h i s  can be ove r r i den  by the  user .  
A t  present ,  t h ree  windows are  avai l a b l e  i n  t o t a l  a t  any one t ime. Two of 
them, MAIN and OPTIONS, remain unchanged throughout a run  and prov ide  access 
t o  the var ious  modes o f  ope ra t i on  o f  the  system. The t h i r d  one i s  used fo r  pro- 
v i d i n g  in format ion or data r e l e v a n t  t o  t he  measurements t o  be done, o r  f o r  d i s -  
p l a y  purposes. As an example, o f  the opera t ion ,  p a r t  (a) o f  f i g u r e  21 shows 
the response o f  the  program t o  the  s e l e c t i o n  o f  the  "SIMS" o p t i o n  (shown i n  
bo ld  type) .  Run parameters can be se lec ted  from bu i  1 t - i n  de fau l t  values 
(op t i on  11, f rom the  prev ious r u n  ( o p t i o n  2) o r  f rom a run  p rev ious l y  s to red  
i n  d i s k  ( o p t i o n  3 ) .  
Figure 21(b) shows the  response t o  t he  s e l e c t i o n  o f  "Setup" w i t h i n  t he  
"SIMS" op t i on .  The bas ic  i n fo rma t i on  regard ing  the nex t  run  i s  requested. 
Not ice t h a t  the  bottom 1 i n e  o f  the  window i s  used t o  i n fo rm the user o f  the  
type o r  c h a r a c t e r i s t i c s  o f  the  expected response f o r  each of the parameters 
requ i  red. 
PRELIMINARY RESULTS 
Al though t h e  main o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  descr ibe  t h e  system and 
t h e  approach t h a t  was f o l l o w e d  i n  i n t e r f a c i n g  t h e  va r i ous  components, we 
p resen t  i n  t h i s  s e c t i o n  some i n i t i a l  measurements o f  i t s  p r o p e r t i e s .  
F i gu re  22 i s  a  p l o t  o f  i o n  beam c u r r e n t  as a  f u n c t i o n  o f  a c c e l e r a t i o n  v o l t -  
age. The squares (0) a re  da ta  f r om  the  manufacturer.  The p o i n t s  (0)  a re  o u r  
measurements s h o r t l y  a f t e r  t h e  gun was i n s t a l l e d  i n  o u r  system. A l though no 
exac t  agreement i s  necessar i  l y  expected, o p t i m i z a t i o n  o f  t he  i o n  source ope ra t -  
i n g  parameters should  p r o v i d e  b e t t e r  o v e r a l l  agreement; i n  p a r t i c u l a r ,  a t  h i g h  
energ ies.  
Measurements o f  t h e  beam d iameter  were made a t  two d i f f e r e n t  c u r r e n t s  by  
t h e  use o f  a  k n i f e  edge. I n  t h e  f i r s t  case (75 na) ,  t h e  k n i f e  edge was scanned 
w i t h  t he  sample man ipu la to r  ( f i g .  23).  The d iameter ,  as measured from 16 t o  
84 percen t  o f  t h e  s i g n a l  was 48 pm. I n  t h e  second case (1  nA), t he  beam was 
scanned e l e c t r o n i c a l l y  and t h e  o u t p u t  o f  t h e  e l ec t r ome te r  measured as a  func -  
t i o n  o f  t ime  ( f i g .  24). The d iameter  a t  t h i s  c u r r e n t  l e v e l  was 8  pm 
(16 pe rcen t  t o  84 pe rcen t ) .  The t ime  base was c a l i b r a t e d  i n  terms o f  d i s t a n c e  
by imaging a  g r i d  o f  known mesh s i z e  (25 pm). 
These measurements a re  c o n s i s t e n t  w i t h  t h e  o r i g i n a l  s p e c i f i c a t i o n s  o f  t h e  
i o n  gun. A t  h i g h e r  energ ies  and ve ry  low beam c u r r e n t s ,  a minimum spo t  s i z e  
o f  l e s s  than 10 pm can be ob ta ined .  As expected, as t h e  energy i s  lowered o r  
t h e  c u r r e n t  increased,  an i nc rease  i n  t he  minimum spot  s i z e  i s  observed. 
A  t y p i c a l  r e s i d u a l  gas a n a l y s i s  (RGA) spectrum o f  t h e  system i s  shown i n  
f i g u r e  25. The p l o t  was generated i n  a  two-pen c o l o r  p l o t t e r  1  inked  t o  t he  PC 
v i a  t he  IEEE-488 bus (see f i g .  181, by s e l e c t i n g  t h e  "D i sp l ay  da ta "  o p t i o n  a t  
t h e  end o f  t he  run .  The usual  peaks a r e  found  and l abe led ,  b u t  a re  seen t o  
have a  smal l  o f f s e t  t h a t  v a r i e s  th roughou t  t h e  mass range. Th i s  problem, which 
i s  mos t l y  due t o  i n h e r e n t  n o n l i n e a r i t i e s  i n  t h e  e l e c t r o n i c s  o f  t he  mass spec- 
t romete r ,  i s  p r e s e n t l y  be ing  addressed. 
An as-obta ined p o s i t i v e  SIMS spectrum, c o v e r i n g  an m/e range f r o m  50 t o  80, 
o f  a  powder sample o f  i r o n  o x i d e  (Fez031 i s  shown i n  f i g u r e  26. The sample was 
pressed o n t o  an ind ium f o i l .  A  200 nm argon beam a t  5  keV was used. A  1  amu 
i n t e r v a l  was subd i v i ded  i n t o  10 p o i n t s  ( a t  10 sec a c q u i s i t i o n  t ime pe r  
p o i n t ) .  A 1  mm2 frame was scanned, w i t h  d a t a  accepted f r om t h e  cen te r  
35 pe rcen t  o f  t h e  t o t a l  scanned area.  The spectrum was ob ta i ned  a t  a  work ing  
p ressure  o f  2x10-9 mbar. 
The most prominent  peaks i n  f i g u r e  26 a r e  l o c a t e d  a t  an m/e o f  54, 56, 57 
and 58. Comparison o f  t h e i r  r e l a t i v e  i n t e n s i t i e s  (6.9,  91.7, 2.2, 0.3) shows 
good agreement w i t h  t h e  n a t u r a l  abundances o f  t he  i so topes  o f  i r o n  (5.8,  91.7, 
2.2, 0.3).  An u n i d e n t i f i e d  c o n t r i b u t i o n  i s  apparent  a t  an m/e o f  54. 
A  nega t i ve  SIMS spectrum o f  a  s t a i n l e s s  s t e e l  sample i s  shown i n  f i g u r e  27. 
The spectrum covers  an m/e range f r o m  0  t o  50. A 100-nm 5  keV argon beam was 
used. As i s  t y p i c a l  o f  most nega t i ve  SIMS spec t ra ,  t he  background no i se  i s  
h i ghe r  than  i n  p o s i t i v e  SIMS. Comparison w i t h  s im i . la r  spec t ra  ( r e f .  41, shows 
good q u a l i t a t i v e  agreement. No a t t emp t  was made t o  r e s o l v e  o r  account f o r  pos- 
s i b l e  peak i n t e r f e r e n c e s .  
Imaging has been implemented i n  t h i s  system. A se t  o f  secondary-ion copper- 
65 images o f  a 3 mm 80 pm copper g r i d  i s  shown i n  f i g u r e  28. The e f f e c t  o f  
vary ing  the frame s i ze  i s  seen as i t  i s  reduced t o  cover roughly one mesh hole. 
A 15 keV 500-nA beam o f  singly-charged p o s i t i v e  molecular oxygen was used as 
pr imary beam. 
An example o f  the depth p r o f i l i n g  c a p a b i l i t i e s  o f  the system i s  shown i n  
f i g u r e  29. An as-obtained depth p r o f i l e  o f  a 1000 ft tanta lum ox ide  f i l m  on a 
tantalum substrate i s  presented. A s  shown, three d i f f e r e n t  i o n  fragments were 
monitored throughout the spu t te r i ng  process, and are d isp layed i n  a l i n e a r  axo- 
nometr ic p l o t .  The apparent ly  broad oxide-metal i n t e r f a c e  i s  be l ieved t o  be 
p a r t l y  due t o  unwanted beam e f f e c t s  ( v a r i a t i o n s  i n  beam cu r ren t  and focussing 
cond i t ions  dur ing  a frame scan). 
CONCLUSIONS 
A S IMS system has been designed, bu i  1 t, and i s ope ra t i ona l .  Improvements 
o f  the system are cont inu ing ,  as we l l  as e f f o r t s  aimed a t  cha rac te r i z i ng  the 
system both i n  terms of the inst rumenta l  parameters and o f  s e n s i t i v i t i e s  f o r  
dopants andlor  i m p u r i t i e s  found i n  111-V semiconductors; i n  p a r t i c u l a r ,  GaAs 
and InP, ma te r i a l s  t h a t  are o f  p a r t i c u l a r  relevance t o  space photovol t a i  cs. 
APPENDIX A 
Operating parameters for the ion gun, according to manufacturer specifications. 
Ion beam energy: 
0.1 to 15.0 keV 
Ion beam current: 
1x10-l1 to 2 x 1 0 4  A 
Ion Beam Current Density: 
1x10-~2 to 1x10-2 ~1ct-n~ 
Ion beam spot size: 
5 to 2000 A 
Ion beam current stability: 
1 percent (1 hr), 2 percent (8 hr) 
Wien filter mass resolution: 
10 at 10 keV 
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( b )  ELECTRONICS. 
FIGURE 1. - THE SINS LABORATORY AT THE PHOTOVOLTAIC BRANCH. POWER TECHNOLOGY DIVISION, 
LERC (DEC. 1989) .  
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FIGURE 2. - LINE DRAWING OF THE VACUUM SYSTEN SHOWING THE RAJOR CWONENTS. 
(b)  TOP VIEW. 
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( c )  FULL SECTION. 
FIGURE 3. - MAIN CHAMBER. 
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FIGURE 4. - SCHEMATIC REPRESENTATION OF THE A-DIDA ION GUN, ONLY THE 
MAJOR INTERNAL COMPONENTS ARE SHOWN. 
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FIGURE 5. - INTERNAL ARCHITECTURE OF TELEFOCUS 
ION GUN A-DIDA (HODEL WF610). 
ION GUN CONTROL ION SOURCE EXTRACTION ACCELERATION 
ELECTRON 
: 
L-! -------------- :!-J ----- -- 4 A: ANODE 
- I KT:  CATHODE 
HIGH GAS K2 : ANTI -CATHODE 
VOLTAGE SUPPLY M: COIL 
F: FILAMENT 
FIGURE 6 .  - CONTROL OF THE A-AIDA ION BEAM SOURCE WHEN OPERATED I N  HOT- 
CATHODE NODE. 
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FIGURE 7. - SCHEMATIC OF THE SECONDARY ION OPTICS AND MASS SELECTOR. TAKEN FROM 616-1 MANUAL, 
WITH PERMISSION FROM EXTREL CORPORATION. 
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FIGURE 8. - ELECTRON MULTIPLIER C I R C U I T  FOR TOTAL-ION COLLECTION. 








FIGURE 9. - ELECTRON MULTIPLIER C I R C U I T  FOR NEGATIVE ION COUNTING. 
INSIDE VIEW OF F L A N G E 1  
MARKEO THROUGH CONNECTORS (TYPICAL)-, 
A B C  CD-90-47046 
FIGURE 10. - INTERNAL CONNECTIONS TO THE ENERGY FILTER, MASS FILTER AND ELECTRON MULTIPLIER. 
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(b) NEGATIVE SIMS. 
FIGURE 11. - EXTERNAL VIEW OF THE TRIAX FLANGE. 
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FIGURE 1 2 .  - ELECTRON MULTIPLIER CIRCUIT FOR TOTAL-ION COLLECTION. 













FIGURE 1 3 .  - BLOCK DIAGRAM OF THE SCANNING UNIT. 
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% GATE * - 
tda=DATAACQUISITIONINTERVAL [l-(?f] tss GATE B 
FIGURE 14(a). - TIMING DIAGRAM FOR CONTROL OF SCANNING UNIT FIGURE I4 (b ) .  - DETAIL OF THE BEAM SCANNING PATTERN ON THE 
I N  THE "SINGLE" NODE. SAMPLE AND I T S  RELATIONSHIP TO THE GATE SIGNAL. 
16 DIGITAL 
I I O L I N E S  { 
DIGITAL 16-BIT 
I INTERNAL BUS I 
I 
IBM AT BUS 
FIGURE 15. - SCHEMATIC DIAGRAM OF THE HIGH-RESOLUTION PLUG-IN 
BOARD (DT2823) USED TO CONTROL THE ION BEAM AND NASS, SPECTRO- 
METER. 
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\-RIBBON CABLE TO 
DT2823 BOARD 
FIGURE 16.  - INTERFACE BETWEEN THE PC (V IA  THE TERMINAL BOARD OF THE DT2823) AND 
THE SCANNING AND BEAM ALIGN UNITS. 
QUADRUPOLE CONTROL 
FIGURE 17 .  - INTERFACE BETWEEN THE PC (VIA THE TERMINAL BOARD OF THE 
DT2823) AND THE QUADRUPOLE CONTROL UNIT. 
FIGURE 18. - BLOCK DIAGRAM OF THE SIMS SYSTEM AND ITS ASSOCIATED ELECTRONICS. 
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FIGURE 19. - HARDWARE CONFIGURATION OF THE PC. 
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(1)  SYSTEM DEFAULTS 
(2) CURRENT PARAMETERS 
(3)  FROM DATA F I L E  
ENTER CHOICE - 
SETUP INPUT 
USER NAME : < > 
RUN NUMBER : < 1 > - 
DATA ACQ. : <C> 
SAMPLE I D  : <I> 
SAMPLE POS : < 0 0 0 60) 
PRE-RUN COMMENTS 
1 ENTER INTEGER ( 0  TO 999) 
(b) INPUT SCREEN FOR SETUP OPTION I N  
ANALYSIS. 
FIGURE 21. 
----O--- MEASURED BY 
MANUFACTURER 
- ---o--- AFTER INITIAL 
INSTALLATION 
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FIGURE 22. - PLOT OF THE MIMUM OXYGEN BEAN CURRENT AS A 
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FIGURE 23. - PRIMARY ION (OXYGEN) BEAN PROFILE FOR A BEAN CUR- 
RENT OF 75 NANOANPERES. MEASUREMENT TECHNIQUE IS  SHOWN IN 
THE INSET. 
BEAM DIAMETER = 8 p M  (16-84%) 
BEAM CURRENT = Ina, ENERGY = 12 keV 
4 L 
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(a )  SCALE CALIBRATION IS MADE BY (b) BEAM PROFILE. 
SCANNING A MESH WITH KNOWN WIRE 
SEPARATION. 
FIGURE 24. - PRIMARY ION (OXYGEN) BEAN PROFILE FOR A BEAM CURRENT OF 1 
NANOAMPERE. 
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FIGURE 25. - TYPICAL RGA SPECTRUM OF THE UHV CHAMBER ( p  = 2x10-'~ MBAR) 
5 0  6 0  7 0  8 0  
MASS-TO-CHARGE RATIO, AMU/e 
FIGURE 26. - POSITIVE SINS SPECTRUF OF AN IRON OXIDE (Fe203) POWDER SAMPLE (PRESSED 
ONTO AN INDIUM FOIL FOR SUPPORT). 5 keV ARGON PRIMARY BEAN. 
2 I 
0 5 1 0  15 2 0  2 5  30  35 40 45 5 0  
MASS-TO-CHARGE RATIO. AMU/E 
FIGURE 27. - NEGATIVE SINS SPECTRUM OF A STAINLESS STEEL SAMPLE. 5 keV ARGON 
PRIMARY BEAN. 
FIGURE 28. - CU IMAGE OF TEN CU GRID AS A FUNCTION OF SCAN WIDTH. DISTANCE BETWEEN WIRES IS ABOUT 70 MM. 
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FIGURE 29. - DEPTH PROFILE OF A 1000 'A TANTALUM OXIDE FILM ON A TANTALUM SUBSTRATE. 
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